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1 
This inventiun relates o methöds of preparing 
improved lubricating- oi compositions, containing 
diffeent additives haing Some degree, of incom- 
libilïy,. More particularly, it relates fo meth- 
ods of improd_ug, the compatibiIity, of metalIo- 5 
organic additives and polymeric additive mate- 
rials in lubricating oil .compositions. If relates 
also fo lubricating compositions conaining dif- 
feren addiive materils ehibiting some degree 
of incompatibilty to v¢hich l_v,e., b.een..added 10 
-compounds which v¢il} be designated "compati- 
bilit i-mprQvers." 
Lubricating oils manufacured, b con.ventiorl 
methods are. offert unsu.td for- use under condi.- 
tions: encounteed ir infernal combustion engines 15 
and for diverseindustrial purposes.. Satisfacory 
lubricating. n. be enerall" giver b.ahnost, any 
toa of- lubricant e the proper. iscosit for brief 
periods, o time HoweveL forasusained Service 
tmder normal operaing conditions he. qualïty of. 20 
lubricants beemes important anoE i is necessarY, 
for.' the lubrican net only fo carr o.u the prt- 
mr- £uncions but als. fo. exhibit the foltowing. 
advantaes:- (1): the lubticant should opate 
satisfactority ove a w-idv temperature range and. 25 
(2): the deleterióus effects of. excessive ongle de- 
posts should, be cmmtered,. In order te achteve 
thèse performance- obe.«ves,, important- char- 
acterisics or lubricaing- ofls must-be enhanced, 
especially viscosity, viscosity index, and. ability-te 30 
remove carbonaceous delösis To obtain these 
and other desirable resuls, various additive ma- 
terials have been blended, v¢ith lubricaçin oils fo 
extend the quality of' tUbreants for. specific pur- 
pose beyond the level whïch can be reached by: 35 
knowzï manoEactuing method« 
Generally, addi-ties bave been deelopet for 
speciflc purposes, for example, pom" point de  
pressante, viseesity index impr0vers, sludge dis- 
persers, deergents, and thelike, To obtain a 40 
general purpose lubr.icart he,ing a high level of 
performance with respect fo pour point, viscosity 
index» sl.ude dispersîon, and the lik. it i neces- 
sary to incEoorate in the Iubricain oil: base 
sck many vaied ad;diiWmaterials; Because 45 
of. the diverse nature Of. many'of these materials,. 
i/ is:n0t surprising tha. a certa'm incompatibi:lity 
among  them exîsts Fer exemple, metalo,ör- 
ganic-compounds used as detergent additives.are 
f.reuently incomatibl wih high. molecular 50 
weight potymeric material use pri:marily as 
thickeners and viscosity index improvers, Lu- 
bricating oils havin inc.orated therein both of 
the aboe-mentioned, addttive materials are fre- 
quentl unc.ceptb c,se ót' turbidity, 55 
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basic acid ester-vinyl ester copolymers. These 
copolymers may be formed by copolymerizing a 
di-alkyl maleate or fumarate ester with vinyl 
esters such as vinyl acetate, vinyI propionate, 
vinyl butyrate, vinyl caproate, vinyI laurate, and 
the like. The di-alkyl dibasic acid ester may be 
prepared by simply heating the desired dibasic 
acid or anhydride with approximately a double 
molar proportion of the desired aicohol in the 
presence of an esterification agent such as sul- 
furic acid, hydrochloric acid, toluene sulfonic 
acid, and the likei 
cohoI used as the esterification agent bave an 
average of from 10 te 16 carbon atoms. An en- 
training agent such as an inert gas, naphtha and 
se forth is helpfuI for the removaI of the water 
of esterification. 
The copolymerization reaction taking place be- 
tween the dibasic acid este and the vinyl ester 
is ordinarily enhanced by the use of a polyoxide 
type catalyst among which may be mentioned 
benzoylperoxide, cumene hydroperoxide, tertiary 
butyl hydroperoxide, and the like. 
In the preferred embodiment of this invention 
there is contemplated the use of a dialkyl dibasic 
acid ester-vinyI acetate copolymer in which the 
alkyI groups average from between 10 te 16 car- 
bon atoms. An off composition containing from 
0.05% te 10Te of the dibasic acid ester-vinyl ace- 
tare copolymer, preferably from 0.1% te 2.0%, 
percentages being by weight based on the weight 
of the total composition, is contemplated. 
The metailo-organic additive material having 
the desirable detergency improving characteristies 
are preferably the metaI salts of alkylated phenol 
sulfides or the reaction products of these sulfides 
and phosphorus sulfide. With these materials 
may be combined a mino amount of a petroleum 
sulfonate such as caicium petroleum sulfonate, 
calcium mahogany soaps, and the like. The bari- 
um sait of an alkyI phenol sulflde is particularly 
useful either aione or reacted with phosphorus 
sulfide. These materiais are welI known in the 
art of their preparation and are descrbed in de- 
rail in United States Patent No. 2,362,291. It 
bas been found that off compositions containing 
from 0.2% te 0.3% by weight, based on the weight 
of the total composition, impart desirable de- 
tergent properties. A preferred range is from 
0.8% te 2% by weight. 
The .compatibility agent, as described above, 
preferably diethylene glycoI monoethyI ether is 
eflicacious in amounks varying between 0.001% te 
1.0% ïoy weight, preferably 0.006% te 0.3% by 
weiEht. 
In order te more explicity dene the invention 
outlfled above the following examples are given, 
it being understood that these examples .are only 
illustrative of the inventive concept and net con- 
sidered te be Iimiting in any way. 
PREPARATION OF DI-LKYL IIALEATE ESTEE 
2, 3-1iter fiask equipped with a water trap and 
a reflux condense was washed with 294 g. of 
maieic anhydride, 1118 g. of the alcohol obtained 
by hydrogenation of coconut oil and contaiing 
an average of 13.5 cabon atoms per molecule, 
2 g. of sulfo-salicylic acid, 400 c. c. of xylene, and 
200 c. c. of naphtha. The above mixture was 
refluxed for a total of 14 hours during which 
rime 58 c. c. of water were collected. The reac- 
tion product was diluted with about 1,000 c. c. of 
benzol and then given four washes with 5% te 
10% sodium carbonate solution and two with 
water. The sulfides Were removed by evapora- 
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tion on a steam bath. The resulting maieate 
ester had a saponification number of 230, a nC- 
tralization number of 0.5, and a viscosity of 210 ° 
F. oï 41.7 S. U. S. and an average molecula" 
5 weight of about 495. 
COPOLYMERIZATION OF ¥1NïL çkCETATE 
MALETE ESTER 
A l-liter 3-necked flask equipped with a con- 
I0 denser, stirrer, and a thermometer was charged . 
with 200 . of a lubricatîn off havin a viscos- 
ity af 210 ° F. of 44 S. U. S. and 300 g. of the mal- 
eate ester as prepared above. This mixture was 
heated te about S0 ° C. after which it was blown 
15 with nitrogen for about 5 minutes. There was 
then added 4 g. of benzoyI peroxide and the mix- 
ture was again blown with nitrogen ïor about 5 
minutes. Vinyl acetate addition was saturated 
with stirring about 45 minutes after the addition 
20 of the benzoyl peroxide and a total of 100 g. of 
vinyl acetate was-added during the course of 
hours. The reaction mixture was maintained at 
80 ° C. with stirring for 20 hours ïrom the first 
addition of the vinyl acetate. The resulting 
25 copolymer had a viscosity af 210 ° F. of 3042 
S. U. S. 
Example I 
A solvent extracted Mid-Continent paraflinic 
30 off having a Saybolt viscosity of 46 seconds at 
210 ° F. and a viscosity index of 110 had added 
thereto 0,2% of an alkyl maleate-vinyI acetate 
copolymer prepared according te the technique 
outlined above. Ten separate samples of the 
35 above lubricating off composition were set aside. 
Te flve of these samples were added 0.8 % of flve 
separate samples of inhibitor-detergents con- 
sisting of the barium salt of alkyI phenot sulflde 
reacted with phosphorus sulflde. Ail flve blends 
4O were hazy or turbid initially and on several days 
standing, alI blends were very turbid with a 
precipitate settling out in one blend. Te the 
remaining flve samples were added the same in- 
hibitor-detergent additives but in this case the 
inhibitor-detergent additives contained diethyl- 
45 ene ,glycoI mono-ethyI ether (sufllcient quan- 
tities te give a concentration of 0.02% in the 
final blend). After standing two and a hall 
months, the latter samples were found te be per- 
fectly clear. 
50 Example II 
Two samples were prepared as in Example I 
with the exception that a different alkyt dibasic 
acid ester-vinyI acetate copolymer was employed. 
55 The blend without the compatibility improver 
turned cloudy immediately, but the blend con- 
taining the diethylene glycoI mono-ethyI ether 
(0.02% in final blend) was still clear at the end 
of the two and a hall months examination period. 
60 
Example HI 
Two samples were prepared as in Example II 
except that in the one blend 0.04% diethylene 
glycol mono-ethyI ether was added directly te the 
65 off blend belote the addition of the detergent 
addïtive instead of as a comportent of the latter 
additive. The blend witout the compatibility 
improver was cloudy immediately whereas the 
blend containing the dietylene glycol mono- 
70 ethyI__ ether was still clear at the end of tvo 
and a.half months. 
Example 1V 
Èxample III was repeated except that a dif- 
75 erent sample of alkyl dibasic acid ester-vinyl 



ester-cololy:mer waS employe anoE G2%«insteac 
of: 00% comlatibflty  mproer Ws  ëmloyeà. 
ResoEts we .dentica wth those obsrved in 
Exple III. 
Exampe V 
Eight oil blen. ere prepae Usi the sme 
test off and the saine, polyeer cpolymeE (0.2%) 
described in ple L Te four of/the blends 
were added 2.0 of 4 septe, sple, .of the 
det2g,ent, inbi£o emploe  Ex,pie I pins 
calcium perole sulfonate., Ah fo blends 
exhibited some haziness in one day: To the. e- 
maining four sples ere add- the sáme in- 
hibiter-deergent addities--but: in. thia case, the 
latter additives contained ethylene, 
monehl . ether sient to give a fil blend 
concentmt o 0025.%. All of the latter blends 
were clear after two and a half mont standing. 
Eaple 
To. o blen 
es off nd me pol>ese copolm8 (0.2%) 
decibd in Exemple I. To one blend ws dded 

prepare. T0- one Menti- 
" treated barium }sooétYl:.phene 
ond blend was added 0.04 mété :riglyCol 
an 08. o the saine detergen: 
5 the %hi-rd blend was , adeo8  of %he sme de- 
teen- ädditive w-hiCh centained methoxy .tri- 
g:tyce} (0.02  concentration in 1 blend). e 
t  blend: ws cloudy: ïmmeditely while the two 
blends containing- he  compatibflity imover 
10 wee clear 8 the  nd of w and  haï months. 
 bIends, ere. pr.epaed ung the. saine 
base stock saine polyester cepolmer nd se 
5 detegnt-advedescriegin-.ampleII. To 
one of the blends as added 0:04% dimethoxy- 
tetrae£hlene, gceL The blen.without, the com- 
pafibity poer , cu iniillF whereas. 
the latter blond waa cle initiy but shewed a 
0 sligh£ he af. the: end of a 40»y 10 ,temper- 
t.u. ç4oE  . st.orage t.et.: . 
The res.uts of the aboie: experents: may be 
smazed.  folIoa 

"'- o Apçarance, o£ Blend 
Appearance of Blen 
D etergent Addifivò,. out CbmpatibtlR 

0.8 Moral- slt of- alkyl, phenol[ sulfide÷ 
phosphorus su]ride. 
0.08% Moral salt of alkyl phenol su]ride÷ 
phosphorus su]ride (4 samples). 
1.0% Moral sait of alkyl phenoI su]ride ...... 
0.8 Moral salt of alkyl phenol su]ride ...... 
2.0% MetaI salt of alkyl phenoI s,u]fide÷ 
phosphorus su]fide÷calcinm manogany 
soap (4 samples). 
0.8% Moral sait of alkyl phenol su]ride+ 
phosphorus su]ride. 
0.8% Moral salt of alkyl phenol su]ride÷ 
phosphorus su]ride. 
0.8% Moral salt of alkyl phenol sulfide÷ 
phosphorus su]ride. 
0.8% Moral salt of alkyl phenol su]ride÷ 
pi osphorus su]ride. 
0.8 Moral salt of alkyl phanoI su]ride÷ 
pi osphorus su]ride. 
0.8 Moral salt of alkyl phenol su]ride÷ 
pi 
osphorus su]ride. 

Turbid.lnitially; preciiitate 
on standing. " 
Haze initially; very turbfd 
in several days. 
Slight haze in ans eek ..... 
Slight haze in several days; 
cloudy--2 wks. 
Slight haze initially 
Turbid initially; very tur- 
btd on standing. 
Cloudy initially ............. 
..... flo ....................... 

0.02% Diefliylèn glyeol:- 
mono-ethyl ether. 
0.02% Diethylene glycol 
mono-ethyl ether. 
0.006 DiethyIane glycol 
mono-ethyl ether. 
0.06% DiethyIane glycol 
mone.ethyI ether. 
0,025% DiethyIene glycol 
mono-ethyl ether. 
0.04% Methoxy triglycol L_. 
0.02% Methoxy triglycol .... 
0.04% Dimethoxytetra ethy- 
lene gIycolJ 
0.02% DiethyIane glycol 
mono-ethyl ether. 
0.04% Diethylane glycol 
mono-ethyl ether.  
0.02% Diethylene gIycol 
mono-ethyl ether. 

 OElar e'nd o:f 2: 
months. 
All clear end of 2 
 months. 
Clear end of 2 
months. 
All clear end of 2 
months. 
Clear end of 2 
months. 
Clear end of 2 
months. 
Clear tniflally. 
Clear end of 2 
months. 
Clear end of 2 
months. 
Clear end of 2 
months. 

 Compafibility imlrover added directly to off blond. 
 Slight haze at end of 40-day low temperature (40 ° le.) storage test. 

1.0% of a detergent-inhibitor comprising the 50 
metal salt of alkylated phenol sulfide and to the 
second blend was added 1.0% of the saine addi- 
rive containing diethylene glycol mono-ethyl 
ether (0.006% concentration in final blend). The 
first blend exhibited a slight haze in one week 55 
whereas the blend containing the compatability 
improver was clear at the end of two and a half 
months. 
Example Vil 
Two off blends were prepared using the saine 60 
test oil and same polyester copolymer (0.2%) 
described in Example I. To one blend was added 
0.8% of calcium isooctyl phenol sulfide and to 
the second blend was added 0.8 % of the saine 
additive containing diethylene glycol mono- 65 
ethyl ether (0.006% concentration in final 
blend). The first blend exhibited a haze in sev- 
eral days and was cloudy in 2 weeks whereas the 
blend containing the compatibility improver was 
clear at the end of two and a hall months. 0 
Example VIII 
Three off blends composed of 0.2% alkyl di- 
basic acid ester-vinyl acetate copolymer and the 
saine base stock described in Example I were  

An examination of the data appearing in the 
table above points out the efficacy of the com- 
patibility improver of this invention. In all in- 
stances the initial turbidity was removed by the 
addition of minor amounts of a material selected 
from the class consisting of diethylene glycol 
monoethyl ether, methoxy triglycol, and dimeth- 
oxy tetraethylene glycol. 
To summarize briefly this invention relates fo 
an off composition having no turbidity which 
cousists essentially of a mineral lubricating off 
from 0.5% to 10% of a copolymer of a dibasic 
acid ester containing from 10 to 16 carbon atoms 
in the ester portion thereof with a vinyl ester, 
from 0.2 fo 3.0% of a metallic salt of an alkyl- 
ated phenol sulfide or the phosphorus sulfide re- 
action product of such metallic sali of an alkyl- 
ated phenol sulfide and from .001% to 1.0% of a 
compatibility improver selected from the class 
consisting of diethylene glycol monoethyl ether, 
methoxy triglycol, and dimethoxy tetraethylene 
glycol. The preferred embodiment contemplates 
the use of a copolymer, of a maleic acid ester 
containing from 10 to 16 carbon atoms in the 
ter portion thereof, the barium sali of an alkyl- 
ated .phenol sulflde, and diethylene glycol ether. 
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7 
This application is a continuation-in-part of 
Serial No. 67,085, now abandoned. 
What is claimed is: 
1. A non-turbid lubricating off blend having a 
high viscosity and exhibiting a hiih degree of 
detergency which consists essentially of a miner- 
al off base stock having combined therein about 
.0.05% fo about 10% by weight of a copolymer of 
a maleate ester containing from 10 to 16 carbon 
atoms in the ester portion thereoï and vinyl ace- 
tare, from about 0.2% fo 3.0% by weight of a de- 
tergent inhibitor selected from the class con- 
sisting of metal salts of alkylated phenol sui- 
rides and reaction products oï metal salts of 
kylated phenol su]ride, and a phosphorus su]ride, 
and from about 0.01% to 1.0% by weight of a 
compatibility improver of the class consisting 
diethylene ilycol monoethyl ether, methoxy tri- 
glycol, and dimethoxy tetraethylene glycol. 
2. A non-turbid lubricating off blend having a 
hiih viscosity index and exhibitini a high 
gree of detergency which consists essentially of 
a mineral off base stock having combined there- 
in about 0.1% to about 2.0% by weight of a 
polymer of a maleate ester containing from 10 
to 16 carbon affres in the ester portion thereof 
and vinyl acetate, from about .08% fo 2.0% by 
weight of a detergent inhibitor selected from the 
class consisting of metal salts of alkylated phenol 
sulfides and reaction products of metal salts of 
alkylated phenol su]ride, and a phosphorus su]- 
ride, and from about 0.06% to 0.30% by weight 

8 
of a compatibility improver of the class consist- 
ing of diethylene glycol monoethyl ether, meth- 
oxy triglycol, and dimethoxy tetraethylene 
col. 
5 3. A lubricatini off blend according fo claire 2 
wherein the detergent inhibitor is the barium 
sait of an alkylated phenol sulfide. 
4. A lubricating off blend according to claire 2 
wherein the compatibility improver is diethylene 
10 glycol monoethyl ether. 
5. A Iubricating oil blend according to c]aim 2 
wherein the compaibility improver is methoxy 
triglycol. 
6. A lubricating off blend according to claire 2 
15 wherein the compatibility improver is dimethoxy 
tetraethylene glycol. 
AI)LAI E. NIICHAELS. 

2O 

25 

3O 

REFERENCES CITED 
The ïollowing references are of record in the 
file of tlis patent: 
UNITED STATES PATENTS 

Number 
2,091,627 
2,122,593 
2,123,641 
2,281,623 
2,338,522 
2,370,080 

=Name Date 
Bruson ............ Aug. 31, 1937 
Stfford ............. July 5, 1938 
Viezevlch .......... July 12, 1933 
Schott .............. May 5, 1942 
Liberhson .......... Jan. 4, 1944 
Schreiber .......... Feb. 20, 1945 



